Background: Generalized granuloma annulare (GGA) is a benign skin disorder of an unknown etiology. Though some cases of GGA have been reported, few systemic reviews of the clinical and pathological features of GGA have been performed. Objective: The purpose of this study is to analyze and correlate the clinical and pathological characteristics of GGA in Korean patients. Methods: We conducted a retrospective study that included 54 biopsy specimens of Korean GGA patients, and the clinical and pathological features of GGA were reviewed and analyzed for their correlation. Results: The cutaneous lesions could be divided into the annular (24, 44%) and nonannular types (30, 56%), and the lesions were more common in males than in females (29 males and 25 females). The incidence of GGA showed a bimodal age distribution. The number of patients who presented within the first decade was 24 cases (44%), and 24 cases (44%) were over the fifth decade. Eight patients (15%) had systemic diseases. Especially, diabetes mellitus (DM) occurred only in the adult GGA patients over forty years old. The pathological findings showed dermal granulomatous lesions that consisted of either a palisading pattern (28, 52%) or an interstitial pattern (26, 48%). Conclusion: In contrast to the previously reported studies, the age of GGA onset showed a bimodal distribution, and GGA was observed more often in males. The prevalence of DM in the GGA affected individuals was higher than that found in the general Korean population. Therefore, it is recommended to perform a work-up for DM in the GGA affected patients who are over forty years old. (Ann Dermatol 21(2) 113∼119, 2009) 
INTRODUCTION
Granuloma annulare (GA) is a transient, benign, cutaneous inflammatory disorder that's pathologically characterized by necrobiotic collagen associated with an infiltration of histiocytes and lymphocytes. The lesions of classical GA consist of localized, small, firm, asymptomatic papules that are flesh-colored or pale red, and they are grouped in a ring-like or circinate fashion. The unusual variants of GA include generalized, perforating, patch and subcutaneous GA 1 . These various types of GA share similar pathological findings 2 . There are four pathological structural patterns of GA: palisading, interstitial, perforating and subcutaneous. Generalized granuloma annulare (GGA) has been defined as lesions that occur on the trunk and on both sets of extremities or on either the upper or lower extremities 3 .
GGA was reported to be differentiated from the localized form (classical GA) by a later age of onset, a wide distribution of lesions, a protracted course with only rare spontaneous resolution and a poor response with administering therapy 4 . In addition, the interstitial pattern was reported to be predominant in the annular type of GGA 3 . Because it is a rare variant of GA, the clinicopathological correlations of GGA have not yet been clearly established.
The purpose of the present study is to review the Korean cases of GGA in order to evaluate and correlate the clinical and pathological features and the relationship of GGA with systemic diseases or its precipitating factors.
MATERIALS AND METHODS
We retrospectively studied 54 Korean patients who were diagnosed with GGA between January 1995 and March 2007 and who were seen at 10 dermatology tertiary referral centers and hospitals that were representative of each province and city in Korea. GGA was defined as affecting the trunk and both or either of the upper or lower extremities. The following clinical data was collected: age of onset, gender, the appearance of the lesions, the distribution of the lesions, the precipitating factors, the associated diseases and the treatment. All the cutaneous samples were fixed in formalin, processed and embedded in paraffin. Sections of 4-μm thickness were stained with hematoxylin and eosin and with Alcian blue (pH 2.5), and they were analyzed for the pathological features, including the structural patterns of an inflammatory cell infiltrate, mucin deposition and infiltration of eosinophils, nuclear dusts and neutrophils. Statistical analysis was performed using the χ 2 test where appropriate. p values ≤0.05 were considered statistically significant. All data was computed using the SPSS 12.0 statistical package (SPSS Inc., Chicago, IL, USA).
RESULTS

Clinical findings
1) The gender ratio and age of onset ( (Fig. 1) .
2) Clinical appearance of the lesions
Based on the clinical appearance of lesions, the patients could be divided into two groups. The annular type was observed in 24 patients (44%), with the individual coalescing papules arranged in a ring-like configuration (Fig. 2 ). The nonannular type was observed in 30 patients (56%), with predominantly nonannular lesions where the eruption consisted of symmetrically scattered, often coalescing papules (Fig. 3 ). There were no perforating, patch or subcutaneous types observed.
3) Distribution of lesions (Table 2)
Consistent with the definition of GGA, the trunk was affected in all cases (54, 100%). The extremities were the next most commonly affected areas, and in particular the lower extremities were more commonly involved in the nonannular type (27, 50%) than in the annular type (16, 30%).
4) Precipitating factors (Table 3)
All the patients were evaluated for possible precipitating factors. Among them, upper respiratory tract infection (URI) was the most common (1 case of the annular type and 2 cases of the nonannular type). Bacillus CalmetteGuerin (BCG) vaccination (1 case of the nonannular type), excessive alcohol intake (1 case of the annular type), and otitis media (1 case of the annular type) were also noted.
5) Associated diseases (Table 4)
Eight patients had systemic diseases, including diabetes mellitus (DM) (3 cases of the annular type and 1 case of the nonannular type), allergic contact dermatitis (1 case of the nonannular type), atopic dermatitis (1 case of the nonannular type), tuberculous lymphadenopathy (1 case of the nonannular type) and systemic lupus erythematosus (1 case of the nonannular type). Especially, DM occurred only in the adults over forty years old. 6) Treatments (Table 5) The rapid regression of lesions was observed in 10 of 13 Fig. 7 . Alcian blue pH 2.5 staining showed the deposition of increased bluish material among the degenerated collagen fibers (×200). patients treated with a topical corticosteroid, and a significant improvement was observed in 6 of 8 patients treated with a systemic corticosteroid. Other therapeutic modalities such as dapsone, hydroxychloroquine, systemic psoralen and ultraviolet A (PUVA), cyclosporine and isotretinoine were effective in some, but not all patients.
Pathological findings 1) Structural patterns
Two structural patterns were identified: a) The palisading pattern, which showed a central zone of necrobiotic collagen surrounded by a palisade of histiocytes and varying number of lymphocytes (Fig. 4) , was found in 28 cases (52%) (14 annular and 14 nonannular cases).
b) The interstitial pattern, which consisted of collections of histiocytes scattered between and around collagen bundles and around blood vessels in the upper and middle dermis (Fig. 5) , was found in 26 cases (48%). This pattern was present in 16 of the 30 (53%) nonannular type cases and in 10 of the 24 (41%) annular type cases. It seemed that the interstitial pattern was more common in the nonannular type, although no statistical significance was observed (p=0.425) (Fig. 6 ). (Table 6 ) Alcian blue pH 2.5 staining showed mucin deposition in 51 cases (94%) (Fig. 7 ). An eosinophilic infiltrate was observed in 24 cases (44%). Nuclear dusts were found in 18 (33%), and a neutrophilic infiltrate was found in 12 cases (22%). Frank vasculitis was not observed.
2) Mucin deposition and inflammatory cell infiltrations
DISCUSSION
GA is a chronic, benign inflammatory skin disease that classically presents as arciform to annular plaques that are located on the extremities of young people. As a clinical variant of GA, GGA has been defined as consisting of hundreds of papules that are either discrete or confluent, but they only rarely show an annular arrangement 5 . In accordance with Dabski and Winkelmann 3 , we defined GGA as affecting the trunk and both or either of the upper or lower extremities. Friedman-Birnbaum 6 reported that in contrast to classical GA, the average age of onset for patients with GGA was 53.9 years, and 84.8% of the cases were in their sixth and seventh decades of life. He also reported that GGA occurred predominantly in females (male：female, 1：6.1). However, our study revealed a bimodal distribution in which the number of patients who presented within the first decade of life was 24 cases (44%), and the number of patients who presented over the fifth decade was 24 (44%) (Fig. 1) . In addition, GGA occurred more commonly in males than in females by 29 to 25, respectively (male：female, 1.16： 1). In particular, males outnumbered females (male: female, 1.3：1) in the group with the nonannular type of GGA (Table 1) . Although the pathogenesis of GGA has not been fully elucidated, the presence of activated T-cells in the lymphocytic infiltrate of GA has been demonstrated, suggesting there is a cell-mediated immune response to various precipitating factors 7 . It has been reported that GA occurred following an insect bite 8 , sun exposure 9 , BCG vaccination 7,10 and viral infection 11, 12 . In our study, URI was the most common precipitating factor (1 case of the annular type and 2 of the nonannular type). In addition, BCG vaccination, excessive alcohol intake and otitis media were also revealed to be predisposing factors. Several investigators have attempted to demonstrate a relationship between GGA and other systemic diseases, most notably DM. The association of GGA with DM is not yet clearly established. Studer et al 13 noted that 10 of 84 adult patients (12%) with GA (localized or generalized) had DM, as opposed to the 5% prevalence of DM among the regional population. However, other studies that looked for carbohydrate intolerance by performing glucose tolerance testing 4 or assessing the hemoglobin A1c values 14 failed to find an increased prevalence of altered carbohydrate metabolism in the patients with GA. In our study, DM was diagnosed in 4 patients (7%) (3 cases of the annular type and 1 case of the nonannular type) who were all older than forty years. This prevalence is higher than that found in the general Korean population (5.42%) 15 . Therefore, a DM workup is recommended for the GGA affected patients who are over forty years old. Generally, treatment for classical GA is unnecessary because spontaneous resolution is expected 1 . However, GGA was reported to be different from classical GA by exhibiting a protracted course with only rare spontaneous resolution and a poor response to therapy 4 . A variety of treatment modalities for GGA have been used, but they have shown only partial responses. These include topical application of vitamin E, cryotherapy, laser destruction and topical or intralesional injection of corticosteroids 16 . 24 . In our study, an infiltrate of eosinophils located at the periphery of the necrobiotic foci was identified in 24 cases (44%). Therefore, it is unlikely that they play a principal role in the degeneration of collagen. Leukocytoclastic vasculitis has been previously identified in several cases 25 . In our study, we noted nuclear dusts in 18 cases (33%) and an infiltrate of neutrophils in 12 cases (22%). However, frank vasculitis was not observed.
In conclusion, GGA occurred in a bimodal distribution for the age of onset, and GGA was more common in males. The trunk was the most commonly affected region and the lower extremities were more commonly involved in the nonannular type than the annular type. URI was the most common precipitating factor. The prevalence of DM in GGA-affected individuals was higher than that found in the general Korean population. Therefore it is recommended to conduct a work-up for DM in GGA-affected patients who are over forty years old. Systemic or topical corticosteroid application was more effective than any other treatment modality. The interstitial structural pattern was more common in the nonannular type of GGA than in the annular type of GGA. It is uncertain whether these results that differed from the results of the previous reports reflect ethnic differences or other factors, and further investigations are needed to clarify this issue.
